Background: The heterogeneity evident among home care clients highlights the need for greater understanding of the clinical and social determinants of multi-dimensional health-related quality of life (HRQL) indices and of potential sex-differences in these determinants. We examined the relative contribution of social and clinical factors to HRQL among older home care clients and explored whether any of the observed associations varied by sex.
Background
Health-related quality of life (HRQL) represents an important construct in understanding the health status and outcomes of older home care clients [1] and ultimately, the cost-effectiveness of community-based services and interventions [2] . The measurement of HRQL provides clinicians and researchers the opportunity of comparing diverse populations through a single measure that captures capacity in multiple domains of health that are relevant to older populations [3] . The heterogeneous nature of this frail population requires that program and policy makers clearly understand the determinants of multi-dimensional indices of health [4] and appreciate the potential for sex-differences in these determinants relevant for targeted or individualized care planning.
Research has demonstrated the negative impact of prevalent chronic conditions and multi-morbidity on the HRQL of older and vulnerable patient populations [5] [6] [7] [8] [9] [10] [11] . These studies have identified a number of conditions associated with notable decrements in older individuals' HRQL including, arthritis, heart failure, stroke, chronic obstructive pulmonary disease (COPD), urinary incontinence and mental health disorders. Despite some suggestion of sex differences in the strength of the associations between selected chronic diseases and HRQL indices [11, 12] , current research has yet to provide a comprehensive analysis of sex differences specific to the older population, including those receiving community-based services.
Beyond clinical illness, few studies have explored the independent contribution of social factors to HRQL measures among older frail adults in the community. This is despite a well-developed theoretical and research basis on the importance of the social environment to several adverse health outcomes [13] [14] [15] . Early findings on the relevance of social relationships to functional impairment (an important dimension of HRQL) illustrate both the complex nature of these associations and the importance of differentiating among the structural and functional components of social ties [16, 17] . A significant and independent association between "weak" social networks (e.g., having few friends and relatives, no confidant, little social integration) and lower scores on the mental [18] and physical [4] components of HRQL has been reported for women participating in the US Nurses' Health Study. A prospective study of this cohort also showed a lower risk for decline in mental health among older women living alone (vs. with a spouse), possibly reflecting their increased levels of social integration and engagement with friends, extended family and social groups [19, 20] . Recent cross-sectional population-based studies of communityresiding older adults have found significant associations between infrequent contact with family and friends and lower scores on selected components of the SF-12 [21] and SF-36 measures of HRQL [22] . Although these findings persisted after adjusting for aggregate measures of comorbidity, the relative contribution and potential confounding effects of individual health conditions were not considered.
The possibility of sex differences has also been raised with regard to the associations between social relations and HRQL in older adults. The underlying rationale arises from observed sex differences in social vulnerability and in the associated risks for adverse health outcomes, including mortality and functional decline [20, 23, 24] . Findings suggest worse outcomes among men who live alone (or are socially isolated) compared with women. Conversely, other studies examining the relationship between social support/integration and single-item (selfreported health) and multi-dimensional HRQL measures have found little evidence for effect modification by sex [22, 25] .
The objectives of the current study were two-fold, first to examine, in a comprehensive manner, the relative contributions of social and clinical factors to the HUI2 measure of health-related quality of life (HRQL) among older adults receiving home care services; and, second, to explore whether any of the observed associations between these client factors and HRQL varied by sex. Our aims and analytical approach were guided by well-developed conceptual frameworks [13, 15] illustrating the relevance of a diverse range of sociodemographic, clinical and psychosocial factors to health and well-being in vulnerable populations.
Methods

Sample
Data were derived from comprehensive in-home assessments conducted with older home care clients in Calgary, Alberta, Canada and Wayne County, Michigan, USA between February 2002 and April 2004 [26, 27] . Clients able to communicate (in English) and provide informed consent, as determined by nurse assessors and home care staff, were eligible for participation. In Calgary, the sample included participants aged 65 and older in a Comprehensive Community Care (C3) program and a control group of home care clients matched to C3 clients by residence and clinical status [27] . Of the 168 clients enrolled in the C3 program during the initial two years of its operation, 114 provided informed consent for study participation. Of the 182 control home care clients invited to participate during the study period, 150 provided informed consent and were assessed. The Wayne County sample included both new and existing older home care clients. From the latter sample, 35 clients were not eligible for the study and four refused to participate. The final study sample consisted of 514 participants, 264 from Calgary and 250 from Michigan. The study received ethics approval from the Conjoint Health Research Ethics Board, University of Calgary.
Data Collection
Clients were administered a standardized multi-dimensional assessment instrument, the Minimum Data Set for Home Care (MDS-HC) [28] , and the Health Utilities Index Mark 2 (HUI2) 40-item interviewer-administered, self-assessed ''one-week'' health status assessment questionnaire [29] . The study home care nurses/case-coordinators were trained by the principal investigators and administered the HUI2 survey via a face-to-face interview. In both settings, the MDS-HC had been adopted as the primary assessment and care planning tool in the routine clinical management of clients. The MDS-HC provides a comprehensive assessment of clients' sociodemographic, physical and cognitive status, health conditions, mental and social well-being, behaviour, formal and informal service use, and use of prescription and over-the-counter medications. The time frame for most items is the seven days preceding the assessment date. Assessors are trained to consider all relevant sources of information (to ensure completeness and accuracy) including the client, direct observation, formal and informal (family/friends) caregivers and medical records. Preference is given to clients' self-reported responses and information sources deemed to be most accurate and reliable for specific assessment items (e.g., medical records for clinical items). The reliability and validity of the MDS-HC instrument for both clinical and research purposes have previously been established [28, 30, 31] .
Measures
The HUI2 is a generic multi-attribute utility index measure that has been extensively used in clinical studies and population health surveys [32] . Evidence in support of the reliability, validity and responsiveness of the HUI system exists for diverse patient populations [33, 34] , including older adults receiving community-based care [26, 27] . All responses were self-reported by clients and no proxy responses were used. The HUI2 consists of seven attributes (domains): sensation (vision, hearing and speech), mobility, emotion, cognition, self-care, pain and fertility (not assessed here). We specifically examined HUI2 rather than HUI3 scores because of the inclusion of the self-care domain (not addressed by the HUI3), a particularly important contribution to HRQL in older home care clients.
Two steps are required to derive overall HUI2 scores. The first is to classify clients according to their self-reported functional capacity in each attribute, accomplished by mapping responses from the survey questionnaire to the HUI2 classification system. There are four or five levels per attribute ranging from normal/full function to severe disability. The second step is to associate general population preference-weights for the client's health state. As done previously [34] , we applied the standard published Canadian preference weights [35] in our analyses. The overall HUI2 ranges from -0.02, allowing for states worse than dead (scored at 0.0), to 1.0, the best possible health one could expect to achieve. A differential of 0.03 in the overall HUI2 score indicates a clinically important difference (i.e., one that has meaning to an individual on a daily basis and may affect their medical care) [29] . Singleattribute utility scores are also available and range from 0.00 (the most severely impaired level) to 1.00 (no impairment). Differences of 0.05 or more in singleattribute utility scores are generally regarded as clinically important [29] .
For incomplete observations due to missing responses to individual HUI survey questions (less than 5% of sample), we imputed missing (categorical) HUI questionnaire items with the modal response values. We included the imputed data in all analyses. Alternative imputation techniques did not affect our results.
The MDS-HC items examined as potential correlates of HUI2 overall scores were selected on the basis of previous literature and relevant conceptual models [14, 15] . The items included measures of clients' demographic characteristics (age, sex); social relationships -including structural (marital status) and functional (feelings of loneliness and caregiver distress) elements; perceived selfrated health; health conditions (bladder incontinence, pressure ulcers, urinary tract infections in the past 30 days); and, type and number of chronic disease diagnoses (including, cerebrovascular disease, congestive heart failure, coronary artery disease, hypertension, peripheral vascular disease, multiple sclerosis, parkinsonism, arthritis, osteoporosis, any psychiatric illness, cancer, diabetes, chronic obstructive pulmonary disease, renal failure and thyroid disease). The disease diagnoses section of the MDS-HC includes a list of conditions to be assessed as present where: (i) indicated by a physician and/or the medical record (and noted to affect the client's status); and/or (ii) treatment or monitoring by a home care professional is required; or (iii) the disease was the reason for a hospitalization in the past 90 days. Caregiver stress or burden was coded as present if a positive response was coded for any of the following three MDS-HC items: 1) the client's caregiver is unable to continue in caring activities (e.g., due to decline in her/his own health); 2) the client's caregiver is not satisfied with the support received from family and friends; and/or 3) the client's caregiver expresses feelings of distress, anger or depression. Clients' perceived or self-rated health (poor vs. good) was based on the single MDS-HC question item, "Client feels she/he has poor health when asked." Despite some conceptual overlap with the HUI2 measure, we included self-rated health among our correlates given its observed potential to capture unique dimensions of health and well-being of prognostic significance [36] .
For most correlates, missing data accounted for less than one percent of the total sample. The one exception was the item on pressure ulcers where greater than five percent of the total sample had missing data. Because of the possibility that clients with missing data for this variable were in some manner unique, we included missing values for the pressure ulcer item as a separate dummy variable in the regression analyses. Other variables of potential interest (e.g., education, living arrangements) were not assessed in a comprehensive manner in both home care samples and thus were not examined in this study.
Analysis
Descriptive statistics were calculated and comparisons between men and women in clients' demographic, social, health and clinical characteristics were evaluated using ttests for continuous variables and chi-square tests for categorical variables. Attribute-specific scores for women and men were also compared for each of the six health attributes included in the HUI2 using nonparametric tests for data not normally distributed. Unadjusted and age/ sex-adjusted linear regression models were used to examine initial differences in mean HUI2 scores across each client variable. The relative significance of selected demographic, social, health and clinical factors to overall HUI2 scores was examined for the total sample using multivariable linear regression models. Factors associated with HUI2 scores in the bivariate analyses (either statistically at p < 0.05 or clinically as illustrated by a meaningful difference in mean scores of ≥ 0.03) were included in the multivariable analysis. Sex-specific multivariable models were conducted to examine the relative importance of clients' characteristics to HRQL separately for women and men. Any observed sex differences were further examined with interaction terms incorporated in the full model for the total sample. Because the analyses were viewed as being exploratory, no adjustment was made for multiple testing. Twenty-five clients were excluded from the multivariable analyses because of missing values for selected covariates resulting in a final sample size of 489 clients. All analyses were performed using SAS, Version 9.1.
Results
Sample characteristics (Table 1)
The mean age of our sample was 80.5 (sd 8.4) years and 72 percent (n = 372) were women. Female clients were significantly older than male clients and more likely to be widowed, to report feelings of loneliness and poor selfrated health, and to have arthritis, osteoporosis, and bladder incontinence. Male clients were significantly more likely to be assessed as having pressure ulcers, whereas females were more likely to have missing data for this variable. Males were also slightly more likely to have distressed family caregivers. The distribution of other prevalent chronic conditions and overall number of chronic disease diagnoses did not vary significantly between female and male clients. The median number of chronic diseases was 4 (interquartile range 3-6) with a range of 0-13 conditions in the total sample.
HUI2 Mean Overall and Single Attribute Scores (Table 2)
In this predominantly older female home care sample, the overall mean HUI2 score was 0.49 (95% CI 0.48-0.51). Women had significantly lower mean HUI2 scores than men (0.48, 95% CI 0.46-0.50 vs. 0.52, 95% CI 0.49-0.55). The relative impairment among HUI2 attributes showed decreasing scores in the following order: cognition, emotion, sensation, pain, mobility and self-care. This pattern was consistent for females and males with the exception of the pain attribute where the mean score was significantly lower for women (0.75, 95% CI 0.72-0.78) than men (0.82, 95% CI 0.77-0.86). The mean score for the mobility attribute was also lower among female compared with male clients (0.56, 95% CI 0.54-0.58 vs. 0.60, 95% CI 0.56-0.64).
Unadjusted and Adjusted Differences in Mean HUI2
Scores across Client Characteristics (Table 3) The bivariate analyses revealed significantly lower mean HUI2 scores among clients with distressed caregivers, poor self-rated health, arthritis, congestive heart failure, any psychiatric diagnosis, bladder incontinence, and urinary tract infections. Clinically important differences (i.e., difference of ≥ 0.03 in HUI2 scores) were observed for clients reporting feeling lonely and those with osteoporosis, pressure ulcers, peripheral vascular disease, and emphysema/COPD. Mean overall HUI2 scores did not vary significantly by clients' age or marital status or for any of the other chronic diseases examined (including hypertension, cerebrovascular disease, coronary artery disease, multiple sclerosis, parkinsonism, cancer, diabetes, renal failure and thyroid disease).
As illustrated by the multivariable linear regression results, the strongest associations with overall HUI2 scores were observed for high caregiver stress and poor self-rated health. Several other factors remained statistically significant (arthritis, psychiatric diagnosis, bladder incontinence, urinary tract infection) or clinically important (client feels lonely, congestive heart failure, pressure ulcers) correlates of lower HUI2 scores in the adjusted analyses (model R 2 of 0.18). Although it is possible to calculate indices of clients' functional (i.e. activities of daily living [ADL]), cognitive and emotional status from MDS-HC items, we chose not to present the adjusted models including these scales because of interpretation difficulties due to collinearity between these measures (and other correlates of interest) and the single attributes comprising the HUI2 [26] . Adjusting for these additional measures did not substantially alter our original model estimates observed for clients' characteristics or conclusions. There was no significant difference in HUI2 scores among female and male clients after adjusting for selected health and clinical factors.
Adjusted Differences in Mean HUI2 Scores across Client Characteristics, by Sex (Table 4)
Among both female and male clients, high caregiver stress and poor self-rated health were significantly associated with lower overall HUI2 scores. Statistically lower scores were also observed among female clients with arthritis, any psychiatric illness and bladder incontinence. These three conditions were also associated with clinically important lower overall HUI2 scores among male clients. The presence of a urinary tract infection was associated with significantly lower overall HUI2 scores in males and with clinically important lower scores in females. Congestive heart failure was associated with lower HUI2 scores in both female and male clients. Female clients assessed as having a pressure ulcer (any stage) displayed clinically important lower HUI2 scores. Some caution is warranted in the interpretation of the sex-differences observed for pressure ulcers and urinary tract infections given the relative low occurrence of these conditions and missing data (for pressure ulcers). A clinically important difference in HUI2 scores was observed for male (but not female) clients reporting feelings of loneliness. None of the two-way interaction terms with sex were found to be statistically significant at p < 0.05 in the full model.
Discussion
Older home care clients often show considerable variability in physical, cognitive and social indices of vulnerability. The relative frailty of our client sample is reflected by their significantly lower overall mean HUI2 scores (0.48 for female and 0.52 for male clients) compared with published age-specific HUI2 norms (e.g., 0.82 and 0.84 for female and male US adults aged 75-89, respectively) [32] . The lower scores largely reflect impairment in the selfcare, mobility and pain attributes of the HUI2 measure consistent with the observed importance of disabilityrelated conditions (e.g., arthritis, urinary incontinence and mental health disorders) to the HRQL of older adults [6] [7] [8] [9] . Few studies have comprehensively examined the relative contribution of selected health and social factors to multi-dimensional HRQL indices such as the HUI2. Even less consideration has been paid to potential sex-differences in the relative importance of selected associations. In addition to highlighting the relative importance of the above disability-related conditions we found statistically significant and clinically important decrements in clients' HRQL associated with poor selfrated health, urinary infections and caregiver distress (a possible indicator of a weak or unsettled social environment). Clients' HUI2 scores varied little with age, marital status, or the presence of several common disease diagnoses. HUI2 scores were clinically reduced for those with self-reported loneliness, congestive heart failure and pressure ulcers. Generally, the observed associations were not significantly modified by sex; however, the magnitude of score differences associated with selected factors (e.g., arthritis, psychiatric illness, urinary tract infection) did vary between females and males.
The relatively weak associations between individual disease diagnoses and clients' HRQL have also been reported by others [6, 7, 37] and may be expected for relatively stable and effectively treated conditions like hypertension. Conversely, others have noted a significant impact of osteoporosis [10] , respiratory disorders [9] and stroke [11] on the HRQL of older populations. This inconsistency may reflect variations across studies in the measure of HRQL examined, in disease severity and treatment [10] and in the degree of co-occurrence among conditions assessed [6] . As with others [9, 37] , we examined the independent association between each separate disease diagnosis and overall HRQL scores. Further work is needed to examine the possible synergistic effects among co-morbid conditions in relation to HRQL among older populations [5] . This research should include sex-stratified analyses given that several relevant conditions (e.g., urinary incontinence, musculoskeletal and psychiatric disorders) are more prevalent among older women and may exhibit a relatively greater impact on the HRQL of women than men [12, 38] .
In interpreting the relatively strong impact of poor selfrated health and caregiver distress on the HRQL of female and male clients it is important to acknowledge that these factors may serve as proxy measures for poorer clinical and functional status. Yet, both remained significantly associated with lower HUI2 scores after adjusting for clients' clinical and functional status including additional MDS-HC measures of ADL and cognitive impairment. Consequently, a broader interpretation might suggest that both factors provide unique information about clients' psychosocial well-being (including level of psychological distress) relevant to their overall HRQL [36, 39] . Addi- tional longitudinal research is required to further delineate the nature and direction of these associations.
Widowhood and reported loneliness, although significantly more common among women, were not significantly associated with lower HRQL. Self-reported loneliness did, however, show a clinically important association with lower HUI2 scores among male clients. Others have reported weak to no associations between both marital status and living arrangements (i.e., living alone) and HRQL in older populations [8, 21, 22] . Arguably, the relevance of these social factors may vary depending on the dimension of HRQL and nature and function of social ties examined [16, 17, 40] . For example, older persons living alone have been observed to have lower scores on the mental components of HRQL, whereas those living with family have been found to have lower scores on the physical dimensions [41] reflecting the importance of families in providing care with ADL and positive emotional support [14] . Others have demonstrated the relative importance of friendship ties and level of social integration to the HRQL of older populations [21, 22] . It remains unclear whether the associations found for social support and integration and HRQL measures vary by sex. Some investigators have failed to observe any effect modification by sex [22, 25] whereas others have noted increased risks for poor health outcomes among men (but not women) who live alone or are socially isolated [14, 24] . Older women living alone may be better positioned than men to call upon a more extensive social network of friends and community organizations for support and care [19, 20] . Thus, despite being more common among older women, living alone may be more closely tied with loneliness (and possibly, poorer outcomes) among older men. Given the complexity of the relationships between social ties and HRQL and potential for sex differences in the underlying biological pathways [42] further research in this area is warranted.
Our cross-sectional study precludes any clear discussion of the causal nature of selected observed associations (e.g., between clients' social characteristics, caregiver distress, and perceived well-being and HRQL). The absence of longitudinal data also limits our ability to detect and comment on relevant changes in clients' HRQL precipitated by expected fluctuations in their clinical and health conditions [43] . Consistent with others [6, 7] , our multivariable model accounted for a relatively small proportion of explained variance in overall HUI2 scores illustrating the need to consider a broader range and/or more detailed measures of psychosocial, health and lifestyle factors potentially relevant to the HRQL of older populations.
Comprehensive data regarding clients' education, income, rural/urban residence and lifestyle practices were not available for our sample and thus could not be examined in our analyses. Although relevant to HRQL measures in the US [44] and elsewhere [21, 22] , income and education have generally not been found to be significant predictors of HRQL for older adults in the Canadian context [44] . There is, however, increasing evidence for the importance of lifestyle factors (e.g., low physical activity, smoking) in accounting for lower HRQL in older populations [44] [45] [46] . Further work is required to explore possible sex differences in the prevalence and relative impact of these lifestyle factors to the HRQL of older adults given that such factors may be amenable to targeted interventions.
With our relatively select and small sample, some caution is warranted in generalizing our findings to other older populations and care settings including those in rural areas, in long-term care institutions and with moderate to severe cognitive impairment. Our relatively small number of male clients may also explain the relative absence of significant sex differences. As with other commonly used HRQL measures the HUI2 is particularly sensitive to physical impairment [1] . Also, in using the HUI2 (a generic indirect multi-attribute utility index measure of HRQL) our study did not directly assess or compare the preferences of female and male clients for various health states. Thus, different conceptual and methodological approaches to the measurement of HRQL may result in the identification of other relevant correlates [7] , some of which are likely to vary among older men and women.
Conclusion
As expected, we observed important decrements in clients' HRQL for common health conditions predictive or indicative of disability, including arthritis, mental health disorders and incontinence. For both females and males, HUI2 scores varied little with the presence of several other prevalent clinical diagnoses. Most of the observed variation in clients' HRQL scores was accounted for by two factors, poor self-rated health and caregiver distress. Although the direction of these associations are unclear, both factors may serve as important markers of psychosocial frailty and increased risk for poor client outcomes including future declines in HRQL. Despite sex differences in the prevalence of social and clinical factors likely to affect HRQL, most did not vary significantly by sex in their relative impact on HUI2 scores. However, our findings highlight several areas worthy of further investigation with larger samples, including possible sex differences in the relative importance of arthritis, incontinence, mental health and self-reported loneliness. Further demonstration of a differential impact of these factors among female and male clients may assist in the identification of appropriate sex-specific strategies for risk screening and care management of vulnerable seniors in community care settings.
